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(54) Heat stable wound care gel 

(57) A tliermally stable collagen gel is formed by tlie 
addition of small amounts of collagen to neutralised 
sliglitly cross-linked polyacrylic acid which has been 
neutralised with triethanolamine or 2 aminomethylpro- 
panol. A typical thermally stable gel results from mixing 
0.3 to 4.0 percent by weight of collagen and 0.1 0 to 0.50 
percent by weight of neutralised slightly cross-linked 



polyacrylic acid in a water base. The thermally stable 
gels are useful in wound care management. Further, 
synergistic effects are noted by the addition of 0.5 to 3.0 
percent by weight of natural gums, particularly those 
containing glucuronic acid segments. Gelatin, a partially 
hydrolysed collagen, behaves in a similar manner to col- 
lagen. 
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Description 

THE PRESENT INVENTION concerns the preparation of thermally stable collagen or partially hydrolysed collagen 
gels and the use of such gels in wound care management. 
5 By 'wound" herein Is meant a wide variety of skin sores and most particularly bed sores, pressure sores or sores 

encountered in the sacrocoxic area of incontinent nursing home patients. 

Wound healing occurs by a mechanism in which formations of epidermal tissue and/or collagen eventually cover 
a wound. In situations where the reepithelialization can occur, new epidermis (skin) will cover the wound. In other 
situations, where wounds with relatively large surface areas must heal, reepithelialization may not be possible and 
10 new collagen formation results in a scar tissue covering over the wound. 

The use of hydrocolloids in wound care management has been previously described by P. H. Corkhill et al in 
Biomaterials 10 3-10 (1989). Hydrocolloids absorb aqueous exudate issuing from a wound and in so doing aid in 
keeping the wound moist. Keeping the wound moist generally hastens the rate of healing and tends to decrease pain. 
Examples of the types of hydrocolloids believed useful for this purpose include starches, hydrolyzed cellulosics, gums. 
IS dry gelatin powder, synthetic polyacrylates and polyacrylamides as well as other water soluble polymers. These hy- 
drocolloid products usually must be used shortly after preparation as they are unstable, particularly when exposed to 
heat. The requirement for fresh preparation of a hydrocolloid for most treatments drastically increases the labour cost 
of wound care treatment involving hydrocolloid gels, it is known to employ dry granules of powdered gelatin mixed 
together with powdered sodium carboxymethyl cellulose and powdered pectin, (available as DuoDerm granules from 
20 Convatec, a division of Squibb Co.) and to put such granules into a wound in order to absorb exudate. 

It is also known to disperse hydrocolloids in adhesives which are then laminated with an occlusive or non-occlusive 
covering film to protect, cover and keep a wound moist. Such wound dressings have been described by S.V. Pollack 
in J. Derm. Surg. Oncology J2(3). 296-300 (1985). 

One might speculate that the presence of the collagen in a wound treatment product might aid in new collagen 
25 formation thereby further promote wound repair. 

However, an underlying problem of collagen gels which discourages research and which also discourages any 
potential widespread commercial use of collagen gels is the general lack of collagen gel thermal stability For example, 
a thick collagen gel loses its useful viscosity after heating to about 50° (120°F). Viscosity is necessary for ease of 
application to the wound, continued adherence to the wound after application and for exudate absorption. By way of 
30 example, a wound dressing product marketed by Carrington is a gelled aloe hydrocolloid product for the dressing and 
management of minor burns, cuts, abrasions, pressure ulcers, stasis ulcers. Irritations of the skin and skin conditions 
associated with periostomy care. 

The present invention seeks to provide a process for providing an improved thermal stable wound care gel. 
According to this invention there is provided a process for preparing a thermal stable wound care gel comprising 
35 the steps of providing an aqueous solution of slightly cross-linked polyacrylic acid; neutralising the aqueous solution 
with triethanolamine or 2 aminomethylpropanol, and adding collagen to the aqueous solution. 

The collagen may be added prior to or subsequent to neutralization of the aqueous solution. The order of addition 
of the ingredients is not critical. 

Preferably the process further comprises the step of adding natural gum to the neutralised aqueous solution. The 
40 process may further comprise the step of adding one or more preservatives and/or anti-irritants. 

The thermal stability of collagen gels has been unexpectedly found to be improved by the addition of small amounts 
of slightly cross-linked polyacrylic acid neutralised with triethanolamine or 2 aminoethylpropanol. Thermally stable gels 
result from compositions with 0.3 to 4.0 percent by weight of collagen and 0.10 to 0.50 percent by weight of neutralized 
slightly cross-linked polyacrylb acid. Suitable slightly cross-linked polyacrylic acid is available as Carbomer 940 or 
45 alternatively Carbomer 980 from B.F. Goodrich. (Carbomer g40 and Carbomer 980 are trade names of B.F. Goodrich 
for slightly cross-linked polyacrylic acid. These materials have from about 1% to 2% cross-linking resulting from the 
cross-linking agents allylsucrose of allylpentaerythritol, molecular weight ranges from about 2,000,000 to about 
1,000,000, ,000 daltons and average molecular weights of about 4,000.000 daltons.) By "slightly cross-linked' herein 
is meant from about 1 .0% to about 2.0% cross-linked. Optionally, natural gums, up to as much as 3.0 percent by weight. 
50 may be added to the gels made by the process of this invention. Synergistic effects are noted by the addition of natural 
gums, particularly those containing glucuronic acid segments. Gelatin, a partially hydrolized collagen, behaves in a 
similar manner to collagen in this invention. 

In a preferred embodiment, the product of the process of the present Invention is a thermally stable viscous gel 
useful as a wound care product. Preferably the viscosity of the gel is at least 250.000 cps and most preferably at least 
55 400,000 cps and further the gel preferably resists any dramatic decrease in viscosity when exposed to 50°C (120*F) 
for a time period of 2 weeks. 

In order to eliminate traces of benzene present in the Carbomer 940, yet another most preferred embodiment with 
thermally stable lower viscosity, is prepared employing the benzene-free slightly cross-linked (i.e. about 1 -2% cross- 
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linked) polyacrylic acid Carbomer 980 instead of Carbomer 940 as follows: 
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It has also been observed that addition of the ingredients in the order listed provides a slightly more viscous gel 
and better clarity than when a gel is prepared by altering the order of addition. 

Yet another nnost preferred embodiment with thermally stable lower viscosity and a variation in the preservative 
system is prepared with Carbomer 980 as follows: 
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Again, it has also been observed that addition of the ingredients in the order listed provides a slightly more viscous gel 

and better clarity than a gel prepared by altering the order of addition. The inclusion of both methyl paraben and propyl 
paraben in a ratio of about 3 to 1 is believed to provide a microbial preservative system capable of consistent manu- 
facture below 10 colony forming units. 

The invention will now be described, by way of example in greater detail. 

Collagen gel is a natural hydrocolloid capable of absorbing large quantities of moisture. Collagen is the primary 
structural protein of multicelled organisms and has as its basic structure a triple stranded cross-linked helix. The indi- 
vidual collagen molecule or tropocollagen is a rod-shaped triple helix having a molecular weight of approximately 
375,000 daltons. In contrast, the collagen source preferably employed in preparation of the gels by the process of the 
present invention is a single strand from such a triple helix and has a molecular weight of about 115,000 daltons. The 
source of the collagen is collagen strands with a molecular weight of about 100,000 to 120,000 daltons derived from 
animal tropocollagen cross-lined triple-helix. Gelatin, a partially hydrolysed collagen, having an average molecular 
weight of 110,000 daltons, has also been used successfully in preparing the thermally stable gels by the process of 
this invention. 

A collagen or gelatin gel may be prepared from single strand collagen by dissolving the protein in water at about 
50*C (1 20'F) and then cooling back to room temperature while mixing and stirring. At room temperature 25''C (77"F), 
these gels are stable over long periods of time. However, if such gels are again heated to 50^C (120°F) and held at 
such an elevated temperature for a few days, upon re-cooling to room temperature, the gel structure does not reform 
and the system has a water-like viscosity. Since temperatures of this nature are often encountered by products in non- 
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refrigerated truck interiors or when standing in non-air conditioned warehouse interiors on hot days, it is quite probable 
that shipments of collagen gel product exposed to such temperatures could lose their useful viscous gel-structure and 
be converted to a thin water-like viscosity. In other words, Initially, upon re-cooling to room temperature, the viscosity 
of the re-heated gel is only about 4 centipolse. After standing for 6 weeks at room temperature, the viscosity has a 

5 minor recovery of viscosity to about 25,000 centipoise and does not increase significantly thereafter. Since it is the gel 
viscosity that allows for convenient application of the product to a wound, for example, for a squeeze tube and subse- 
quent retention on the wound and it is the gel structure which absorbs wound exudate, loss of gel structure results in 
a dramatic bss of this desirable wound management attribute. This lack of thermal stability severely limits the com- 
mercial use of collagen (or gelatin) gels as wound nnanagement products. 

10 The inventor's research has demonstrated that the use of antioxidants such as ascorbic acid or butylated hydrox- 

ytoluene (BHT) does not prevent gel degradation upon heating to 50°C. Also, the addition of common chelating agents 
such as ethylenediamine tetra-acetic acid or its salts or citric acid also does not prevent gel degradation at 50^C, but 
it does prevent colour formation. The viscosity instability after a few days storage at SO'^C (120''F) after gel formation 
is shown in Table I. However, it has been discovered that addition of a neutralised slightly cross-linked polyacrylic acid. 

IS such as Carbomer 940, can provide thermal stability in a hydrocolloid gel based primarily upon collagen (or gelatin). 
Preferably, the ratio of polyacrylic acid to collagen is from about 1:1 to about 1:6. Carbomer 960 can also serve as a 
slightly cross-linked polyacrylic acid effectively in this regard. 

A preferred gel made by a method of the invention Includes about 94.22% water and about 2.00% collagen; along 
with about 1 .00% panthenol (which is believed to aid wound moisturisation); 1 .00% xanthan gum (a suspension and 

20 viscosity agent); about 0.35% Carbomer 940 (which is believed to provide the thermal stability in the final gel); about 
0.39% triethanolamine (which is believed to reinforce the function of the Carbomer 940 by neutralisation); about 0.07% 
tetrasodium EDTA, (which is believed to prevent discolouration) 0.60% allantoin (which is believed to function as an 
anti-Irritant); 0.16% of methyl paraben and 0.16% of diazolidinyl urea (preservatives) and 0.05% of citric acid (a pH 
buffer). The above-stated functions of the invention components are the inventor's good faith belief and are not intended 

25 to limit the Invention. 

A most preferred gel made by a method of the invention includes about 96.27% water and about 0.50% collagen; 
along with about 1 .00% panthenol (which is believed to aid wound moisturisation); about 0.50% Carbomer 940 (which 
is believed to provide the thermal stability in the final gel); about 0.63% triethanolamine (which is believed to reinforce 
the function of the Carbomer 940 by neutralisation); about 0.07% tetrasodium EDTA, (which is believed to prevent 
30 discolourlsation); 060% allantoin (which is believed to function as an anti-Irritant); 0.20% of methyl paraben and 0.20% 
of diazolidinyl urea (preservatives) and 0.03% of citric acid (a pH buffer). The above-stated functions of the invention 
components are the inventor's good faith belief and are not intended to limit the invention. 

The invention Is further illustrated by the examples that follow. In these examples, all parts are parts by weight 
based on a total of 1 00 parts. 

35 

EXAMPLE 1 (Comparative Example ) 

To 97.68 parts of water at 50**C (120''F) was added 2.00 parts of collagen. After mixing under rapid propeller 
agitation until the collagen was dissolved, 0.16 parts of methyl paraben and 0.16 parts of German II (Trade name of 
40 Sutton Labs Inc. for diazolkJinyl urea) were added as presen^atives and dissolved. After dissolution of all ingredients 
was achieved, the solution was cooled to room temperature and allowed to sit overnight for gelation to occur. Samples 
of this gel were allowed to age at room temperature while others were heated at 50'*C (120*F) for four days and then 
cooled to room temperature. Table I shows test data from Example 1 . 

45 EXAMPLE 2 (Comparative Example ) 

To 97.68 parts of water at 50"C (120T) was added 2.00 parts of gelatin (275 Bloom) which was rapidly stirred 
until the gelatin was dissolved. Then 0.16 parts of methyl paraben and 0.16 parts of Germall II were added as preserv- 
atives and dissolved. After complete dissolution of the solids was achieved, the solutions were cooled to room tem- 
so perature and let stand overnight whereupon gelation occurred. Samples of this gel were allowed to age at room tem- 
perature while others were heated at 50''C (120<'F) for four days and then cooled to room temperature. Table I shows 
test data from Example 2. 

EXAMPLE 3 (Comparative Example ) 

55 

A gel having the formulation of 98.94% water, 0.35% Carbomer 940, 0.16% each of methyl paraben and Germall 
II and 0.39% triethanolamine (TEA) was prepared by first dissolving the Carbomer 940 in water at 50°C under rapid 
agitation. The methyl paraben and diazolidinyl urea were then dissolved after which the triethanolamine was added to 
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neutralise the system and thicken it. Samples of this gel were allowed to age at room temperature while others were 
heated at 50*^0 (120''F) for two weeks. Test results are shown in Table I. 

EXAMPLE 4 

5 

To demonstrate the effect of the Carbomer 940 on collagen, the system shown in Example 4 was prepared. A gel 
consisting of 96.94% water, 0.35% Carbomer 940, 0. 1 6% each of methyl paraben and diazolidinyl urea, 2.0% collagen, 
and 0.39% TEA. was prepared as follows. Water at about 50*C (120"F) was added to a beaker and the Carbomer 940 
added under very rapid propeller agitation. The methyl paraben and diazolidinyl urea was then added followed by 
10 neutralisation with triethanolamine. after which 2.0% collagen was dissolved in the system. Viscosities of Example 4 
as a function of time and temperature are shown in Table I . Note that Example 4 lacks the optional natural gum, xanthan 
gum. It was observed that there is hysteresis in such a system upon shear. 

EXAMPLE 5 (Comparative Example ) 

75 

The use of Xanthan gum in thickening, improving and obtaining uniform flow properties of viscous systems is well 
known. Therefore, a 1.0% solution of xanthan gum was prepared in water (along with a small amount of the preserv- 
atives). The viscosity of this solution should approximately indicate the xanthan gum contribution to the total viscosity 
of there were no strong interactions of the xanthan gum with other ingredients. Samples were treated as outlined below 
20 and test results are shown in Table I. Specifically, to 98.68 parts of water at SO'^C (120'F) was added 1.00 part of 
xanthan gum under rapid agitation. A hazy suspension or solution was obtained to which was then added 0.16 parts 
each of methyl paraben and diazolidinyl urea. Samples were tested as detailed in Examples 3 and 4 and the viscosity 
of this system as a function of temperature and time is shown in Table 1. 

2S EXAMPLE 6 

To 95.94 parts of water at 51 .6°C (125°F) was added 0.35 parts of Carbomer 940 under very rapid agitation. Upon 
dissolution of the Carbomer 940, the Carbomer 940 solution was neutralised with 0.39% triethanolamine. Then 1.0% 
xanthan gum was added to the system and agitated until dissolution was achieved. 0. 16 parts each of methyl paraben 
30 and diazolidinyl urea were dissolved in the system. The last item to be dissolved in the preparation of Example 6 was 
2.0% of collagen. Here again, the samples from Example 6 were tested as above and the viscosity data as a function 
of time and temperature is shown in Table 1. It should also be noted that there was very little hysteresis as a function 
of shear in the samples from Example 6. 

35 EXAMPLE 7 (Comparative Example ) 

Example 7 was a gel prepared by dissolving 0.35% of Carbomer 940 in 96.22% water at 50**C (1 20**F) under rapid 
propeller agitation. After the Carbomer 940 was completely dissolved, 1.00% of xanthan gum was dissolved and the 
Carbomer 940 was then neutralised with 0.39% triethanolamine. Next, 1 .00% panthenol, 0.60% allantoin, 0. 1 6% methyl 
40 paraben. 0.16% diazolidinyl urea, 0.05% citric acid and 0.07% tetrasodlum EDTA are dissolved in the system. The 
viscosity on standing at room temperature (RT) and after heating at SO'^C (120''F) are shown in Table I. 

EXAMPLE 8 (Comparative Example ) 

^ Example 8 was a gel prepared by dissolving 0.35% of Carbomer 940 and 2.00% collagen in 94.22% water at 50**C 

(120''F) under rapid propeller agitation, after the Carbomer 940 and collagen was completely dissolved, 1.00% of 
xanthan gum was dissolved and the Carbomer 940 was then neutralised with 0.397o triethanolamine. Then 1.00% 
panthenol, 0.60% allantoin, 0.16% methyl paraben, 0.16% diazolidinyl urea, 0.05 citric acid and 0.07% tetrasodlum 
EDTA were dissolved in the system. The viscosity after standing at room temperature and after heating at 50'C (1 20*F) 

50 are shown in Table I. 

EXAMPLE 9 (Comparative Example ) 

Example 9 was a gel prepared by dissolving 0.35% of Carbomer 940 In 97.94% water at 50<'C (1 20'*F) under rapid 
55 agitation to avoid gel formation of the Carbomer 940. After the Carbomer 940 was completely dissolved It was neu- 
tralised with 0.39% triethanolamine. Then 1.00% xanthan gum, 0.16% methyl paraben and 0.16% diazolidinyl urea 
were added and dissolved. The viscosity values of this system at room temperature and after heating are shown in 
Table I. 
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TABLE I 

Effect of Time and Temperature on 

Viscosity Stability of Examples 1 and 2 and 3 to 8 

Viscosity 
(cps) e RT 
After Heating 
§ 120^F 
For 2 Weeks 
& Cooling 
Back to RT 
5.0* 
4.0* 
220,000 
351,000 
28,000 
420,000 
234,000 
460,000 
289,000 



Viscosity 
(cps) e 
RT 1 Day 
Example After Mfq 
1 >3,16 X 10^ 



2 >3.16 Z 10" 

3 275,000 

4 920,000 

5 23,000 

6 983,000 

7 218,000 

8 702,000 

9 359,000 



Viscosity 
(cps) § RT 
After 6 Weeks 
Standing @ RT 
3.16 X 10* 
3.16 X 10* 
280,000 
900,000 
24,000 
3.12 X 10* 
216,000 
790,000 
351,000 



* heated for only 4 days rather than 2 weeks 
(RT means room temperature 25°C (77®F)) 



As can be seen from Example 3 in Table I, the viscosity stability of a gel including Carbomer 940 to which a little 
preservative has been added shows little effect due to exposure to elevated temperature and/or storage over an ex- 
tended time period. The percentage of Carbomer and Triethanolamine used results in a thermally stable gel of about 
30 250,00 cps. 

Example 4 indicates the effect of the Carbomer 940 neutralised gel on collagen. It should be noted that a gel of 
over 3,000,000 cps is not produced by the collagen in the presence of TEA neutralised Carbomer 940 upon preparation 
at 50°C (120°F) and cooling to room temperature overnight. It is theorised that amino groups on the collagen are 
hydrogen-bonding to acrylic acid moieties of the carbomer 940 rather than amino acid groups on other collagen chains 

35 preventing cross-linked collagen molecules from forming. This inhibiting of the degree of cross-linking shown by col- 
lagen itself in Example 1 of Table I can be seen by the differences in viscosity at room temperature. It should also be 
noted in Table I, that after heating for two weeks at 50°C (120'F), Example 4 does not fall to the base level of the 
Carbomer 940 gel alone after heating (demonstrated by Example 3 as shown in Table I), this indicates that some cross- 
linked collagen structure was not destroyed upon heating at SO^'C (120°) for two weeks. Upon standing at room tem- 

40 perature alone for several weeks, the viscosity of Example 4 appears thermally stable. 

Example 5 illustrates the viscosity of a 1.0% xanthan gum solution in water in the presence of the standard pre- 
servatives used. As can be seen in Table I, the viscosity of the 1.0% xanthan gum solution is not effected by either 
elevated temperature SO'^C (120°F) or time. 

Example 6 illustrates the viscosity stability of 2.0% collagen in the presence of a Carbomer gel and xanthan gum. 

4S As can be seen in Table I, when the gel system is produced as described in Example 6. the expected initial viscosity 
is obtained. This viscosity is approximately the sum of the initial viscosities of Examples 4 and 5. However, on standing 
for several weeks at room temperature, a viscosity equal to that of the collagen gel alone (see Example 1 ) is observed. 
It is theorised that the glucuronic moieties of xanthan gum loosely interact with the amino groups of the collagen thus 
interfering with the interaction of collagen and polyaciylic acid which is shown in Example 4 and Table I. With time, the 

so amine groups can cross-link with collagen amino acid moieties. Again it should also be noted that the viscosity after 
two weeks at 50*C (120°F) does not revert to a water-like consistency The viscosity is significantly larger from that 
expected from the sum of viscosities which might be expected from addition of 1 .0% xanthan gum to a collagen- 
Carbomer 940 gel (as illustrated in the test results of Examples 4 and 5 of Table I). This may indicate that the presence 
of the optional natural gum (xanthan gum) in Carbomer 940 stabilised collagen gel may help to stabilise the cross- 

55 linking of the amino groups of the collagen chains. Such interaction might also contribute to the very high (over 
3,000,000 cps) viscosity obsen/ed at room temperature several weeks after manufacture. Thus, a synergistic effect of 
natural gum has been discovered in addition to the basic discovery of thermally stabilising collagen gels with neutralised 
slightly cross-linked polyacrylic acid. 
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Other ingredients which might be helpful in a wound dressing, such as panthenol, allantoin. tetrasodium EDTA, 
and the like tend to lower the overall viscosity of the collagen gel. 

In comparing the results of Examples 6 and 8. it can be seen that the addition of panthenol, allantoin, tetrasodium 
EDTA and citric acid (Example 8) lowers the viscosity of the gel at room temperature. However, the gel which results 
s on ovemight cooling to room temperature after being heated at 50'C (120*'F) for two weeks is a little more viscous. 
This is probably due to the increased thermal stability due to the tetrasodium EDTA and citric acid. At the same time, 
the panthenol, allantoin, tetrasodium EDTA and citric acid interfere with hydrogen-bonding between collagen molecules. 

Similar phenomena are observed in comparison of the results from Examples 7 and 9. The addition of panthenol, 
allantoin, tetrasodium EDTA and citric acid reduces the viscosity of the Carbomer 940 with (optional) xanthan gum gel 
10 in Example 7 compared to that of Example 9. Since thermal stability of collagen molecules Is not Involved in Examples 
7 and 9, the viscosity decreases due to the additives In Example 9 is also evident after 2 weeks heating 50°C (120'*F) 
as shown in Table I. 

In a gel matrix including neutralised polyacrylic acid, triethanolamine and xanthan gum, the collagen gel still exhibits 
better structural aspects after accelerated aging (two weeks at 50° (1 20** F)) than the complete gel breakdown exhibited 
15 by the collagen itself (Example 1 , Table I). This is illustrated in Example 8. 

Example 8 which has the same ingredients as Example 7 plus 2.00% collagen has a viscosity of 702,000 cps after 
standing at room temperature for 24 hours. This increases to 790,000 cps several weeks later. Upon heating to 50°C 
(120"F) for two weeks, the viscosity falls to 460,000 cps. Since the base gel without collagen has a viscosity of about 
220,000 cps, it indicates that the collagen still has a gel-like structure and therefore is thermally stable relative to that 
20 of Example 1 . 

In summary, the results presented in Table I demonstrate that the collagen and gelatin gels prepared by the for- 
mulations of this invention are substantially thermally stable relative to mere collagen gels with or without minor amounts 
of preservatives present. 

Samples from Examples 10 and 11 were tested as outlined in Examples 3 and 4. 

25 

EXAMPLE 10 (Comparative Example ) 

Example 10 illustrates the effect of a Carbomer containing gel whose formulation is 0.25% Carbomer 940, 1 .00% 
xanthan gum, 0.29% triethanolamine, 0.16% methyl paraben, o.16% Germall II (diazolidinyl urea) and 98.14% water 
30 at 50*C {120°F). The Carbomer 940 is dissolved after which the polyacrylic acid was neutralised with 0.29% TEA and 
then the o.16% each of methyl paraben and Germall II were dissolved. 

EXAMPLE 11 

35 Example 11 is a formulation of 96.14% water at 50*C (1 20°F), 0.25% Carbomer 940, 1 .0% xanthan gum, 0.29% 

TEA, 2.00% gelatin (275) Bloom) and 0.16% each of methyl paraben and Germall II. This formulation was prepared 
in the same manner as Example 9 with the gelatin being dissolved last. 

The viscosity data of Examples 10 and 11 are shown in Table II. As seen in Table II, the viscosity of Example 11. 
I.e. 335,000 cps after two weeks of heating at 50°C (120Q), indicates gel structure contributed by the gelatin (275 

40 Bloom) as the viscosity of the comparative gel system (i.e. without the gelatin) is only 85,000 cps. Referring back to 
Example 2 of Table I, the viscosity of gelatin without the polyacrylic acid is only 4 cps. Hence, gel structure of the 
gelatin, in the presence of neutralised, slightly cross-linked acrylic acid, is maintained after heating, presumably in a 
similar manner observed in collagen in the presence of neutralised slightly cross-linked acrylic acid (Example 6 in Table 
II). 

45 



SO 



55 



7 



EP 0 709 101 A2 



10 



IS 



20 



25 



30 



35 



40 



45 



(0 
rS 
0) 

o 
c 

-H 
4J 

(0 
rH 

0) 

G 
O 

Q> 

U 

<a 

M 
Q) 

a> 
c 

0) 



o 

•p 
o 

H 



CO 

u a: « 

W Q) 

Q) (&> 
>i ^ 

•H VO C 
0) 

O ^) TJ 
U Q) C 
CO 4J <T5 
<M 



CA Q) 

a CP > 
o c 

P 0) o 
•H 45 «H 



4J O 

(4-1 rj 



--^ 0) 
(A <P 

•H 

CA 0) 
O C 



O 
O 
O 

r> 

00 



o 
o 
o 

00 



o 
o 
o 

00 



o 



CM 
H 

n 



O 
o 
o 

in 



o 
o 
o 

Ol 



c 
o 

•H 

(d 

Id 
a 

Q) 
CU 

O 

<0 
4J 

<d 
•O 

(A 
C 
(Q 
0) 
6 



o 



a 
o 

in 

CN 

u 
d 

4-) 
(0 

0) 

a 
e 

Q) 

% 

O 
M 

10 

Id 

0) 

g 

g 



50 



55 



Id 
X 
M 



CO 

o 



8 



EP 0 709 101 A2 



EXAMPLE 12 (Comparative Example ) 

Example 1 2 was a formulation wherein the Carbomer 940 was neutralised with 2-aminomethytpropanol {2-AMP) 
Instead ot triethanolamine (TEA) and consisted of 97.94 parts of water at 50'*C (120'*F). 0.35 parts Carbomer 940, 
0.39 parts 2-AMP. 1.0 part xanthan gum, 0.16 parts methyl paraben and 0.16 parts Germall It. Neither collagen nor 
gelatin were present in Example 12. 

EXAMPLE 13 

Example 13 was a formulation similar to Example 12 but contained 2.0 parts collagen and consisted of 95.94% 
water at 50°C (1 20**F), 0.35% Carbomer 940, 0.39% 2-AMP, 1 .0% xanthan gum, 0. 1 6% methyl paraben, 0. 1 6% Germall 
11 and 2.0% collagen. 

Samples from Examples 12 and 13 were tested as detailed in Example 3 above. The viscosity, time, temperature 
data from the testing of Examples 12 and 1 3 are shown in Table III. 
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The higher degree of neutralisation of the polyacrylic acid moieties by TEA compared to an equal weight percent 
of 2-AMP results in the higher viscosity of Example 9 (Table I) compared to that of Example 12. 
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EXAMPLE 14 

A thermally stable gel with modest viscosity was formed from 94.22% water at about 5(fC by first dissolving 0.50% 
of slightly cross-linked polyacrylic acid (Carbomer 940). adding 0.63% triethanolamine, 0.60% allantoin, 1.00% pan- 
5 thenol, 0.20% methyl paraben, 0,20% diazolidinyl urea, 0.07% tetrasodium EDTA. and 0.03% citric acid. Next 0.50% 
collagen was added. The gel of Example 14 had a viscosity of roughly about 600,000 centipolse after being held for 
one day at room temperature, about roughly about 500,000 centipoise upon cooling after a two-week exposure to SO'^C 
and very little change in viscosity when subjected to subsequent heat cycles. 

10 EXAMPLE 15 

A slightly less viscous gel was prepared from the following ingredients which were mixed in the order given: 



96.35 % 


Water 


0.50 % 


Slightly cross-linked polyacrylic acid (Carbomer 940) 


0.63 % 


Triethanolamine 


1.00% 


Panthenol 


0.60 % 


Allantoin 


0.03 % 


Citric Acid 


0.07 % 


Tetrasodium EDTA 


0.16% 


Methyl Paraben 


0.16% 


Diazolidinyl Urea (Germall II) 


0.50 % 


Collagen 



Viscosity of the gel after preparation was 468,000 cps and pH was 6.80. After heating for two weeks at 50'C (120°F) 
followed by cooling to room temperature overnight, the viscosity was 491 ,000 cps. 

EXAMPLE 16 

30 

Another slightly less viscous gel was prepared from the following ingredients mixed in the order given: 



96.29 % 


Water (at about 50*C) 


0.55 % 


Slightly cross-linked polyacrylic acid (Carbomer 980) 


0.64 % 


Triethanolamine 


1.00% 


Panthenol 


0.60 % 


Allantoin 


0.03 % 


Citric Acid 


0.07 % 


Tetrasodium EDTA 


0.16% 


Methyl Paraben 


0.16% 


Diazolidinyl Urea (Germall II) 


0.50 % 


Collagen 



The viscosity and pH properties of the gel of Example 1 6 were similar to those of Example 1 5. Because this gel includes 
Carbomer 980 rather than Carbomer 940 as a source of slightly cross-linked polyacrylic acid, It is free of any benzene 
residue. 



EXAMPLE 17 

An even less viscous gel was prepared from the following ingredients mixed in the order given: 





96.74 % 


Water (at about 50'*C) 


55 


0.35 % 


Slightly cross-lined polyacrylic acid (Carbomer 980) 




0.39 % 


Triethanolamine 



Continuation of the Table on the next page 
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(continued) 
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1.00% 


Panthenol 


0.60 % 


Allantoin 


0.03% 


Citric Acid 


0.07 % 


Tetrascxllum EDTA 


0,16% 


l\/lethyl Paraben 


0.16% 


Diazolidinyl Urea (Germall II) 


0.50% 


Collagen 



Viscosity of the gel of Example 1 7 after preparation was 1 59,000 cps and pH was 6.82. After heating for two weeks at 
50°C (120°F) followed by cooling to room temperature overnight, the viscosity was 154,000 cps. Since the gel viscosity 
did not decrease substantially upon heating and subsequent cooling, this gel formulation is an acceptable formulation. 

In summary, the loss of viscosity after heating and typical minor viscosity recover is avoided by including neutralised 
slightly cross-linked polyacrylic acid in a collagen get. The thermally stable gels made by a process of this invention 
may be used as wound care products by applying directly to affected areas of skin and are believed to be better in 
efficacy and action than various prior proposed products due to the larger amounts of hydrocolloids in the gels of the 
present invention. The preferred gels made by a process of this invention are also characterised by good thermal 
stability with respect to viscosity and colour. The colour of the thermally stable gels of this Invention does not darken 
substantially during aging or temperature simulated accelerated aging when tetrasodium EDTA has been included. 

Although the present invention has been described with reference to the preferred embodiments, workers skilled 
in the art will recognise that changes may be made In form and detail without departing fro the spirit and scope of the 
invention. 

The terms and expressions which have been employed are used as terms of description and not of limitation, and 
there is no intention in the use of such terms and expressions of excluding any of the features shown and described 
or portions thereof, but it is recognised that various modifications are possible within the scope of the invention claimed. 

The features disclosed in the foregoing description, and in the following Claims may, both separately and in any 
combination thereof, be material for realising the invention in diverse forms thereof. 



Claims 

1 . A process for preparing a thermal stable wound care gel comprising the steps of providing an aqueous solution of 
slightly cross-linked polyacrylic acid; neutralising the aqueous solution with trtethanolamine or 2 aminomethylpro- 
panot, and adding collagen to the aqueous solution. 

2. The process of Claim 1 and further comprising the step of adding natural gum to the neutralised aqueous solution. 

3. The process of Claim 1 or 2 and further comprising the step of adding one or more preservatives and/or anti-irritants. 

4. The process of any one of the preceding Claims wherein the viscosity of the gel is at least 250.000 cps after 
reheating to 50'*C (1 20''F) for 2 weeks folbwed by cooling to room temperature. 

5. The process of any one of the preceding Claims wherein the extent of cross-linking in the slightly cross-linked 
polyacrylic acid is from about 1% to about 2%. 

6. A process according to any one of Claims 1 to 5 wherein the gel comprises: 



55 
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Water 

Slightly cross-linked Polyacrylic 

acid (Carbomer 980) 
Triethanolamine 
Panthenol 
Allantoin 
Citric Acid 

0.07 % Tetrasodium EDTA 

0.15 % Methyl Paraben 

0.05 % Propyl Paraben 

0.20 % Diazolidinyl Urea 

0.50 % Collagen 

A process according to any one of the preceding Claims wherein the collagen Is a single strand having a molecular 
weight of about 115,000 daltons. 



96.20 % 
0.55 % 

0.65 % 
1.00 % 
0.60 % 
0.03 % 
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